The pyrano ring is found to be common in a considerable number of natural products [1] , particularly in coumarins, xanthones, flavonoids and some of the alkaloids. In the synthesis of these natural products, the formation of the pyrano ring is an important step. Most of the commonly used methods in the preparation of compounds with the pyrano ring include: 1: Preparation of the dimethylpropargyl ether followed by condensation [2] or 2: condensation of the hydroxy compound with isoprene and dehydrogenation of the chroman ring [3] . These available methods lengthen the synthetic path ways. A one step synthesis of the pyrano ring is therefore desirable for the formation of relevant natural products.
A simple and efficient procedure has been developed for the preparation of the pyrano ring based on the principle of phase-transfer catalysis. Ethers of both simple and highly hindered phenols prepared by similar methods have been previously described [4] .
The reaction of 2,5-dihydroxybenzoic acid with 3-chloro-3-methylbut-l-yne at room temperature, in the presence of the phase-transfer catalyst tetrabutylammoniumbromide under alkaline conditions gave 2,2-dimethyl-6-hydroxybenzopyran-5-carboxilic acid (80%) [5] . This one step reaction was found to be successful in the synthesis of some pyranoxanthones while furanoxanthones were yielded as by-products [5] . The formation of pyranoxanthones and furanoxanthones in the same reaction led us to consider its mechanism.
The synthesis of the pyranocoumarin (2) and the furanocoumarin (3) indicated that the stereochemistry of the reactants may be playing a considerable * Part 97 in the series "Natural Product Chemistry". For
Part 96 see J. Reisch and A. S. El-Sharaky, Sei. Pharm., in press. ** Reprint request to Prof. Dr. Dr. J. Reisch. Verlag der Zeitschrift für Naturforschung, D-7400 Tübingen 0340-5087/85/0500-0636/$ 01.00/0 role in this mechanism. While the reaction of 4-hydroxycoumarin with 3-chloro-3-methylbut-l-yne in the presence of tetrabutylammoniumbromide under alkaline conditions gave the pyranocoumarin (2) as the major product the reaction of the same coumarin with 3-chlorobut-l-yne under identical conditions gave the furanocoumarin (3) as the major product. C-Alkylation by way of an SN-2 reaction to form pyrano rings has been described in literature [6] . However, in the synthesis of the pyranocoumarin (2), steric hinderance of the two methyl groups prevents the electrophylic substitution of the tertiary carbonium ion at the position three of the 4-hydroxycoumarin. The formation of the ether (1 A) and the subsequent sigmatropic rearrangement paved way for the final electrocyclic ring closure, to give the pyranocoumarin (2) [7] . In the case of the second reaction, sterically less hindered secondary carbonium ion easily attack at position three of the 4-hydroxycoumarin. Thus, it can be explained that electrophilic substitution leads to a nucleophilic ring closure to give the furanocoumarin (3) (Scheme 1) [8] . The results indicate that electrophylic substitution is favoured in these types of reactions.
The pyranocoumarin (2) was synthesised by treating the 4-hydroxycoumarin with 2-methyl-3-butin-2-ol in the presence of phosphorus oxychloride. This reaction suggests the possibility of the formation of ether (1A) by the elimination of water molecule from two hydroxy groups.
Experimental
M.ps were determined with Kofler hot stage apparatus. IR spectra were recorded on a Pye Unicam SP3-200 spectrometer. 'H NMR spectra were recorded on Bruker WM 300 MHz or Varian 60 MHz spectrometers, with TMS as the internal standard. Mass spectra were recorded with an MAT 44 S mass spectrometer. UV spectra of methanol solutions were recorded on a Carl Zeiss DMR 21 spectrometer.
2,2-Dimethyl-5 H-pyrano(3,2-c)-l-benzopyrano-5-one (2)
a) A mixture of 50 ml dichloromethane, 50 ml water, 1.0 g (6 mmoles) 4-hydroxy-coumarin, 1.08 g (12 mmoles) 3-chloro-3-methylbut-l-yne, 0.48 g (12 mmoles) sodium hydroxide, 80 mg Tetrabutylammoniumbromide and 3 mg of potassium iodide was stirred at 50 °C for 24 h. Then the aqueous layer was acidified with diluted hydrochloric acid and extracted the reaction mixture with dichloromethane. The organic layer was washed with water and dried over anhydrous sodium sulphate to give crude product. The crude product was subjected to preparative t. 1H, m, 10H 
4H-2,3-Dihydro-3-methyl-2-methylene-furan-(3,2-c)-l-benzopyran-4-one
Same reaction (a) was carried out for 24 x 4 h using following reagents: 50 ml dichloromethane, 50 ml water, 1.0 g (6 mmoles) 4-hydroxycoumarin, 1.08 g (12 mmoles) 3-chlorobut-l-yne, 0.48 g (12 mmoles) sodium hydroxide, 80 mg tetrabutylammoniumbromide and 3 mg potassium iodide.
The crude product was subjected to preparative t. 
